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SEPARATOR OF FLOATING COMPONENTS 

FIELD OF INVENTION 
The present invention generally relates to devices and methods for removing floating 
components from fluids. More particularly, the invention relates to reducing slicks of soot and 
unburned fuel from the emissions of water injected marine engine exhaust systems. 

BACKGROUND OF INVENTION 
Marine engine exhaust systems typically inject liquid coolant into engine exhaust gas to 
cool the exhaust gas from the engine by forming a fluid mixture of the liquid coolant and 
exhaust gas. This method may also result in noise reduction and reduced pollutants in the 
expelled exhaust gas. The liquid coolant is typically water taken from the body of water in 
which the marine vessel is floating. The pollutants, such as particulate matter and unburned 
fuel, exit with the exhaust gas when it leaves the engine. Once the liquid coolant and exhaust 
gas are mixed, the resulting fluid mixture includes these pollutants. In certain exhaust systems, 
the fluid mixture is thereafter substantially separated into its liquid coolant and exhaust gas 
components. The exhaust gas and fluid may thereafter be expelled through separate conduits, 
after the gas/fluid separation process. This process extracts significant particulate matter and 
unburned fuel, such as oil, from the exhaust gas, resulting in a cleaner exhaust gas when it is 
released from the exhaust system. However, the particulate matter and unburned fuel remain 
largely in the liquid coolant and are usually discharged with the liquid coolant into the body of 
water in which the vessel is located. Thus, the benefit to the ecology of removing pollutants 
from the exhaust gas is offset by the negative ecological impact of pollutants being added to 
the discharged liquid coolant. For example, when the liquid coolant is jettisoned overboard, a 
slick of particulate matter or soot and unburned fuel may float on the surface of the water. The 
particulate matter eventually saturates and sinks, while the unburned fuel floats on the surface 
until it evaporates or until it is absorbed on the shore, such as in birds' feathers or other 
coalescing surfaces. 

Methods for cleansing the liquid coolant to be discharged from marine engine exhaust 
systems include various soot sinker designs, which have the purpose of accumulating and 
storing floating particulate matter until it becomes water saturated. Thereafter, the sunken 
particulate matter is expelled from the exhaust system into the surrounding water to sink, away 
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from visible pollution on the surface of the water. Other devices use fibrous filters and 
pressure pumps to remove the particulate matter and unburned fuel from the liquid coolant. In 
order to keep the filters functioning properly, they may need to be frequently cleaned or 
replaced. 

SUMMARY OF INVENTION 

The goal of reducing pollution from marine engines may be achieved by reducing 
buoyant components, such as pollutants including particulate matter and unburned fuel, in the 
liquid coolant before the liquid coolant is jettisoned overboard. This allows liquid coolant to 
still be used to cool the exhaust gas, and thereby still reduce pollutants in the exhaust gas being 
expelled, while removing at least some of the pollutants from the liquid coolant and reducing 
overall pollution caused by the marine engine exhaust system. 

According to one embodiment of the invention, a method of separating a liquid from 
buoyant components presented in a mixture thereof is disclosed. The method comprises the 
steps of: providing a separator chamber and a member divided into a first part and a second 
part and defining a communication passage for liquid flow from the first part into the second 
part, introducing the mixture into the first part of the separator chamber, and flowing the liquid 
from the first part through the communication passage into the second part of the separator 
chamber while substantially accumulating the buoyant components in the first part. 

According to yet another embodiment of the invention, a component separator is 
disclosed. The component separator includes a first chamber constructed and arranged to 
receive a mixture including a liquid and buoyant components. A second chamber is fluidly 
coupled to the first chamber. A communication passage is constructed and arranged to provide 
the fluid communication between the first and second chambers. The liquid flows through the 
communication passage from the first chamber into the second chamber while the buoyant 
components substantially accumulate in the first chamber. 

In yet another embodiment of the invention, a component separator is disclosed. The 
component separator includes a separator chamber constructed and arranged to receive a 
mixture including a liquid and buoyant components. A wall is constructed and arranged to 
separate the separator chamber into a first part adapted to receive the mixture and a second 
part. A communication passage is adapted to provide fluid communication between the first 
part and second part of the separator chamber. The liquid in the first part flows through the 
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communication passage from the first part into the second part of the separator chamber while 
the buoyant components substantially accumulate in the first part. 

BRIEF DESCRIPTION OF DRAWINGS 
The objects, advantages and features of aspects of the invention will be more clearly 
appreciated from the following detailed description, when taken in conjunction with the 
accompanying drawings, wherein like numbers are used for like features, in which: 

FIG. 1 is a schematic view of a buoyant component separator according to the 
invention; 

FIG. 2 is a perspective top view of the buoyant component separator of FIG. 1 
according to the invention; 

FIG. 3 is a schematic view of another embodiment of a buoyant component separator 
according to the invention; 

FIG. 4 is a schematic view of a marine engine exhaust system according to the 
invention; 

FIG. 5 is a perspective view of the marine engine exhaust system of FIG. 4; and 
FIG. 6 is a schematic view of another embodiment of a buoyant component separator 
according to the invention. 

DETAILED DESCRIPTION 

The invention is directed to a device and method for removing at least some buoyant 
components from liquid. Although the device and method illustrated and described are for use 
with a marine engine exhaust system, it is to be appreciated that the component separator may 
be used in a variety of different applications where liquid may include buoyant or floating 
components that are desired to be separated from the liquid. Thus, the illustrated and described 
component separator is not intended for use only with marine engine exhaust systems. As used 
herein the term "buoyant components" is intended to include any and all buoyant or floating 
components including, without limitation, pollutants, particulate matter such as soot, and 
unburned fuel such as oil. 

The component separator may be used to reduce floating slicks of soot and unburned 
fuel, which are a common result of liquid-injected exhaust systems of marine engines, as 
described above. Marine engines may use liquid-injected exhaust systems for cooling, noise 
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reduction and reducing pollutants in the exhaust gas expelled from the exhaust system. 
Generally, the component separator of the invention includes a chamber into which is 
introduced a liquid mixture including liquid and buoyant components, and small amounts of 
the exhaust gas. The buoyant components of the liquid mixture are less dense and float on or 
near the surface of the liquid. The more dense liquid may be removed through an outlet in the 
lower portion of the chamber away from the free surface of the fluid mixture. 

In one embodiment, the chamber may be divided into first and second parts by a wall. 
The wall may define a communication passage. For example, the wall may have a bottom 
edge defining a gap between the bottom edge and the bottom of the first part of the chamber, 
such that there is fluid communication between the parts of the chamber. The communication 
passage may also be formed by a filtering medium, openings or tubing between the first and 
second parts. In this embodiment, the first and second parts may be substantially side-by-side. 
In another embodiment, although they may still be side-by-side, the first part may be provided 
at least partially above the second part, with the communication passage being formed by a 
filtering medium or other openings or tubing between the first and second parts. The liquid 
mixture may be introduced into the first part of the chamber allowing the liquid and the 
buoyant components to substantially separate. The liquid may flow from adjacent the bottom 
of the first part through the communication passage into the second part of the chamber and the 
buoyant components may accumulate in the first part of the chamber. 

In another embodiment, a receiving chamber may be provided to initially receive the 
liquid mixture. The buoyant components, along with a portion of the liquid, may be 
transported into the first part of the separator chamber. The buoyant components may rise to 
the top of the liquid mixture substantially separating into buoyant components and liquid. The 
liquid will flow substantially free of buoyant components into the second part of the separator 
chamber. In another embodiment, the liquid mixture may include some exhaust gas when it 
enters the receiving chamber. The buoyant force of the gas bubbles will lift the liquid mixture 
or bubbly slurry to a height above the liquid level in the receiving chamber. The exhaust gas, 
in the form of entrapped gas bubbles, will rise to the surface along with the buoyant 
components and move into the separator chamber. The separated liquid may be drained from 
either the second part of the separator chamber or the receiving chamber. 

One illustrative embodiment of a component separator 10 according to the teaching of 
the present invention is shown in FIG. 1. The component separator 10 has at least one 
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separator chamber 12. The separator chamber 12 receives the liquid mixture 14, including 
liquid 16 and buoyant components 18 through inlet 19. As illustrated, the separator chamber 
12 is separated into a first part 20 and a second part 22 by a dam or wall 24. The liquid 
mixture 14 is delivered into the first part 20 of the separator chamber 12. The wall 24 has a 
bottom edge 26 spaced from a bottom surface 28 of the separator chamber 12 so that a 
communication passage is formed by a gap 30 between the bottom surface 28 of the separator 
chamber 12 and the wall 24. This opening or gap 30 provides fluid communication between 
the first part 20 and second part 22 of the separator chamber 12. As the liquid mixture 14 is 
delivered into the first part 20 of the separator chamber 12, the buoyant components 18 rise at 
least adjacent to a free surface Sf ree of the liquid mixture 14, while the more dense liquid 16 
settles below the buoyant components 18. The liquid 16, substantially free of the buoyant 
components 18, flows into the second part 22 of the separator chamber 12 through gap 30. The 
separated liquid 16 may then exit the component separator 12, for example from an outlet 29 in 
the second part 22 of the separator chamber 12. 

It is to be appreciated that the wall 24 and gap 30 may have numerous different 
configurations. Any suitable communication passage may be provided between two separate 
chambers or parts of a chamber including, but not limited to, tubing, openings, gaps, perforated 
screens and filtering mediums. For example, any gap or opening to allow the liquid 16 to flow 
from the first part 20 to the second part 22 is sufficient. The gap or opening may be near or 
adjacent the bottom surface 28 of the separation chamber 12. More than one opening, gap or 
passage may be provided and these may be any suitable shape or size. It will be appreciated 
that the communication passage may be selectively openable and closable by any suitable 
means, including either electrical or mechanical devices. 

Another illustrative embodiment of the component separator 10 according to the 
teaching of the present invention is shown in FIG. 3. The component separator 10 has at least 
one separator chamber 12. Similar to the embodiment of FIG. 1, the separator chamber 12 
receives the liquid mixture 14, including liquid 16 and buoyant components 18 through inlet 
19. As illustrated, the wall 24 which previously was shown as a solid dam, has been re- 
embodied as a porous support 110 and/or filter medium 1 12, which separate the separator 
chamber 12 into the first part 20 and the second part 22. The liquid mixture 14 is delivered 
into the first part 20 of the separator chamber 12. A communication passage is formed by the 
filter medium 1 12 and porous support 1 10, which separate the first part 20 and the second part 
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22 of the separator chamber 12. The porous support 110 and filter medium 1 12 provide fluid 
communication between the first part 20 and second part 22 of the separator chamber 12. As 
the liquid mixture 14 is delivered into the first part 20 of the separator chamber 12, the buoyant 
components 18 are trapped by the filter medium 1 12 and porous support 1 10, while the liquid 
16, substantially free of buoyant components, flows through them into the second part 22 of 
the chamber 12. If enough liquid mixture 14 enters the separator chamber, a free surface Sf ree 
of the liquid mixture 14 may form above the filter medium 1 12, such that the buoyant 
components 18 may rise at least adjacent the free surface of the liquid mixture 14, while the 
more dense liquid 16 settles below the buoyant components 18. The separated liquid 16 may 
then flow through the wall and exit the component separator 12, for example from an outlet 29 
in the second part 22 of the separator chamber 12. 

The porous support 110 and/or filter medium 1 12 can be employed as an alternative to 
a solid dam or wall 24 or in augmentation thereof. 

The filter medium 1 12 may be formed as a filter cup that is attached to the lift conduit 
56 and the outer walls of the chamber 12 by any suitable manner. Alternatively, the filter 
medium 1 12 may rest on the porous support 110. The filter medium 1 12 may be made of any 
suitable material, including porous, fibrous, filter or other material such that the buoyant 
components 18 will be caught and substantially prevented from flowing through the filter 
medium. The filter medium 1 12 may be accessible for cleaning or disposal periodically and 
may be permanently installed or removable. 

The porous support 1 10 may be any suitable device provided below the filter medium 
to add support. For example, the porous support 1 10 may prevent tearing, ripping or breakage 
of the filter medium 112 from the weight of the accumulated buoyant components 18. The 
porous support 110 may be permanently or removably installed between the first and second 
parts of the chamber. It will be appreciated that the porous support may be made of any 
suitable material and in any configuration that allows the liquid to flow through from the filter 
medium so that liquid does not substantially collect between the porous support and filter 
medium. For example, the porous support may be a metal or plastic sheet with perforations or 
holes and at least part of the porous support may include these perforations or holes or a screen 
of metallic or plastic threads. It will also be appreciated that either of the porous support 1 10 
or the filter medium 1 12 may be used alone to accumulate the buoyant components 18 in the 
first part of the chamber. 
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As illustrated in FIGS. 1 and 3, the component separator 10 may additionally include a 
receiving chamber 36 fluidly coupled with the separator chamber 12. The receiving chamber 
36 may receive the liquid mixture 14 through an inlet 38 in a wall 40 of the receiving chamber 
36. In addition to liquid 16 and buoyant components 18, the liquid mixture 14 may also 
include small quantities of entrapped exhaust gas 42. After introduction into the receiving 
chamber 36, the buoyant components 18 may rise to the top of the receiving chamber 36, along 
with the entrapped exhaust gas 42, in the form of bubbles or froth. 

In the lower portion 44 of the receiving chamber 36, one or more perforated layers 46 
may be provided. The perforated layers 46 interfere with potential high velocity flows and 
vortexes that may occur at the inlet 38 of the receiving chamber 36 potentially carrying the 
buoyant components 18 downward, thus interfering with their separation from the liquid 16. 
The perforated layers 46 may be any suitable device to reduce the velocity of the flow of the 
liquid mixture 14 in the receiving chamber 36. For example, the perforated layers 46 may be 
filters, pads, screens, fibrous or porous layers or any kind of structure that will allow liquid 16 
to flow through it yet reduce the velocity of the flow, such that high-velocity flows are 
dissipated. The perforated layer 46 may include one or more layers and may be installed 
permanently in the receiving chamber 36, or alternatively, may be removable. For example, 
the perforated layer 46 may be held in place by grooves in the walls of the receiving chamber 
36 such that it may be removed for cleaning when desired. The perforated layer 46 may, in 
addition to interrupting high velocity flows and vortexes, filter out buoyant or other 
components from the liquid 16. 

A discharge conduit 48 may be provided in the receiving chamber 36, through which 
the liquid 16, substantially free of buoyant components 18, is discharged. The discharge 
conduit 48 may be located in any suitable location; however, being provided below the 
perforated layer 46 allows additional separation to occur such that the discharge conduit 48 
drains the liquid 16, substantially free of buoyant components 18. It is to be appreciated that 
the discharge conduit 48 may be any suitable conduit (such as, but not limited to tubing) and 
may be either rigid or flexible or a combination of both. To improve flow, the discharge 
conduit 48 may feature a vent 50 and/or a loop 52 to regulate the liquid surface level in the 
receiving chamber 36. The loop may have a height Hi oop . 

The receiving chamber may include a top plate 54. The top plate 54 may be 
substantially flat; however, as illustrated, the top plate 54 has a funnel or concave shape. The 
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top plate 54 may slant upward from the walls 40 of the receiving chamber 36 toward a lift 
conduit 56 fluidly connecting the receiving chamber 36 to the separator chamber 12. As 
shown, the top plate 54 is sealed at its edges 57 to the walls of the receiving chamber 36 so that 
buoyant components 18 may not flow from the separation chamber 12 into the receiving 
chamber 36 along the edges 57 of the top plate 54. The lift conduit 56 is illustrated as provided 
near the highest point of the top plate 54; however, the lift conduit 56 may be provided at any 
suitable location in the first part 20 of the separator chamber 12. 

Buoyancy forces may direct the buoyant components 1 8 and gases toward the lift 
conduit 56, and the buoyancy of the gases and pressure may force gas bubbles 42 upward 
through the lift conduit 56, particularly due to the upward slant of top plate 54. Buoyant 
components 18 may be carried as a froth along with the bubbles 42, through the lift conduit 56 
and inlet 19 into the separator chamber 12. Once in the separator chamber 12, the gases may 
be vented from the separator chamber 12 by a gas vent 58. It will be appreciated that when 
entrapped gas 42 is not present to propel the flow through the lift conduit 56, other suitable 
pumping mechanisms may be employed. It will be appreciated that excess exhaust gas 42, 
such as from the exhaust manifold or small pump, may be introduced into the liquid mixture 14 
to augment the gas bubbles 42 that direct the buoyant components up through the lift conduit 
56. Additionally, the funnel or convex shape of the top plate 54 may assist in directing the 
buoyant components 18 and gases 42 to the lift conduit 56. 

The inlet 38 of the receiving chamber 36 may feature a flow adjuster 60 to modify the 
flow of the liquid mixture 14 before and/or after it enters the receiving chamber 36. In one 
embodiment, the flow adjuster 60 may include a flow deflector, intended to dissipate flow 
momentum entering the receiving chamber 36, so that buoyancy forces have greater 
opportunity to separate buoyant components 18 from the liquid 16. In another embodiment, 
the flow adjuster 60 may include having the inlet 38 to the receiving chamber 36 disposed in 
such a manner as to impart a circular rotation to the liquid mixture 14 in the receiving chamber 
36, adding a centrifugal force component, which forces buoyant components 18 toward the 
center of the receiving chamber 36, where they will rise through the lift conduit 56 to the 
separator chamber 12. Additionally, the flow adjuster 60 may include a diffuser at or near the 
inlet 38 to slow the velocity of the flow of the liquid mixture 14 into the receiving chamber 36. 

It is to be appreciated that the separator chamber 12 and the receiving chamber 36 may 
be any suitable size and shape. The suitable size may be determined by the volume of liquid 
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mixture 14 being received by the component separator 10. The chambers 12 and 36 may be 
any suitable shape, such as a rectangular or substantially cylindrical shape. The chambers 12 
and 36 may also include interior surfaces to direct flow in the chambers, such as by providing a 
circular rotation to the flow and adding a centrifugal force component, which may assist in 
directing gas bubbles 42 and buoyant components 18 to the center of the receiving chamber 36, 
where they will rise upward through the lift conduit 56. It is also to be appreciated that the 
separator chamber 12 and the receiving chamber 36 may be within a single housing which is 
divided into two separate sections. Additionally, it is to be appreciated that the first part 20 
and second part 22 of the separator chamber 12, as described above, may be two separate 
chambers connected to one another. The chambers and tubing of the component separator may 
be made of any suitable material such as metals or plastics. If the component separator is for 
use with a marine engine and the fluid mixture includes sea water, then the material preferably 
will be selected to be resistant to the corrosive effect of sea water. 

As described above and shown in FIG. 1, the separator chamber 12 is divided into the 
first part 20, generally the dirty side, and the second part 22, generally the cleaner side. The 
lift conduit 56 expels gas 42 and liquid mixture 14 into the dirty side, from a top end 62 which 
is provided at a height Hi c , slightly above the regulated fluid level Hrfi in the separator chamber 
12 regulated by the height of return tube 66 in the second part 22 which is provided below the 
height of the lift conduit. The liquid mixture 14 enters and the buoyant components 18 rise to 
the free surface Sf ree while the more dense liquid 16 sinks. 

In addition to the gas vent 58, the first part of the chamber may include a dirty liquid 
drain outlet 64 for draining liquid and buoyant components from the first part of the separator 
chamber 12 together. The drain outlet 64 is shown provided at a height near the maximum 
height of the liquid (but need not be at that height) such that both liquid 16 and buoyant 
components 1 8 may exit through this drain outlet 64 together. The drain outlet 64 may be 
selectively opened and closed, such as by use of a valve to remove buoyant components such 
as pollutants that have accumulated in the first part of the chamber. A sensor or control system 
may be used to selectively open and close the drain outlet 64. 

As discussed above, the wall 24 separating the first and second parts 20 and 22 of the 
separator chamber 12 has a communication passage that allows flow between the two parts 
only at the lower portion of the first part 20, away from the buoyant components 1 8. The wall 
24 may be permanently installed in or removable from the separator chamber 12. For example, 
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the wall 24 may be connected to the walls of the separator chamber 12 such that the top 70 of 
the separator chamber 12 may be removed without removing the wall 24. 

Referring now to FIG. 2, a top view of the separator chamber 12 of FIG. 1 is shown. 
The wall 24 is shown dividing the first and second parts 20 and 22 of the separator chamber 
12. The buoyant components 18 are floating on the surface of the fluid mixture 14 in the first 
part 20 of the separator chamber 12. The liquid 16 in the second part 22 is substantially free of 
buoyant components 18. The height of the liquid shown in FIG. 2 is lower than it may be 
during normal operation of the component separator 10. For example, the liquid 16 may rise to 
the level of the buoyant components 18 on the walls of the first part 20 of the separator 
chamber 12. 

At least a portion of the trapped buoyant components 18 may be removed from the first 
part 20 of the separator chamber 12. This may be done by draining through the dirty liquid 
drain outlet 64, or by scooping components from the separator chamber 12, for example after 
removing the top 70 of the separator chamber 12. Alternatively, the buoyant components 1 8 
may be absorbed in specially designed surface absorption pads, or by use of filter papers 
stretched across the chamber, below the level of the height H !c of the lift conduit 56. If the 
dirty side is left alone, the components 18 will eventually become fully saturated and non- 
buoyant and will be contained in the bottom of the first part 20 of the separator chamber 12 
until it is drained or otherwise cleaned. After removal of the buoyant components, they may be 
discarded. 

The regulated fluid level Hrfi of the liquid mixture 14 in the separator chamber 12 is 
controlled by the return tube 66 in the second part 22 of the separator chamber 12. The return 
tube 66 extends to a height H rt that acts as the liquid level control for the separator chamber 12. 
The height H rt of the return tube 66 is less than the height H Ic of the lift conduit 56 in the first 
part 20 of the separator chamber 12. The return tube 66 has a discharge end 68 in the receiving 
chamber 36, such that when the fluid level rises above the return tube 66, the excess liquid 
flows from the second part 22 down the return tube 66 back into the receiving chamber 36. 
Because the height Hj c of the lift conduit 56 is above the return conduit 66, the liquid does not 
typically flow back down the lift conduit 56, as the return tube 66 lowers the level of the liquid 
mixture 14 in the separator chamber 12 before that would occur. It is also to be appreciated 
that the height of the loop H, oop in the discharge conduit 48 is provided below the height of the 
regulated fluid level Hrf, or the return tube 66 would back-up. The return tube 66 may return 
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the liquid mixture to the receiving chamber for additional recirculation through the component 
separator 10. For example, recirculating the liquid mixture may allow additional buoyant 
components to be removed. 

As described above and shown in the embodiment of FIG. 3, the separator chamber 12 
is also divided into the first part 20, generally the dirty side, and the second part 22, generally 
the cleaner side. The lift conduit 56 expels gas 42 and liquid mixture 14 into the dirty side, 
from a top end 62 which is provided at a height Hj c and is above the filter medium 1 1 2 and 
porous support 110 which separate the first part 20 from the second part 22 of the separator 
chamber 12. The liquid mixture 14 enters and the buoyant components 18 are collected in the 
first part 20 of the chamber, while the liquid 16 flows through the filter medium 1 12 and the 
porous support 110 into the second part 22. The liquid 16, substantially free of buoyant and 
otherwise filtered components 18, may then drain through outlet 29 into the receiving chamber 
36. If enough liquid mixture enters the chamber without a comparable amount draining from 
the outlet 29, a free surface S fre e may form above the filter medium 1 12 and porous support 1 10 
such that the buoyant components 18 rise to the free surface, while the more dense liquid 16 
sinks and drains from the outlet 29. The outlet 29 may keep the separator chamber from over 
filling and the liquid mixture from flowing back down the lift conduit 56. 

As discussed above, the wall 24 separating the first and second parts 20 and 22 of the 
separator chamber 12 of FIG. 3 includes a communication passage that allows flow between 
the two parts at the lower portion of the first part of the separator chamber 12. The wall 24, 
including the filter medium 1 12 and porous support 110, may be permanently installed in or 
removable from the separator chamber 12 and the top 70 of the separator chamber 12 may be 
removed. The wall 24 is shown dividing the first and second parts 20 and 22 of the separator 
chamber 12 such that the first part 20 is above the second part 22. 

At least a portion of the trapped buoyant components 18 may be removed from the first 
part 20 of the separator chamber 12. This may be done by scooping components from the first 
part, for example after removing the top 70 of the separator chamber 12. Alternatively, the 
buoyant components 18 may be absorbed in specially designed surface absorption pads, or by 
use of filter papers stretched across the chamber, below the level of the height H !c of the lift 
conduit 56. Additionally, the filter medium 1 12 and/or the porous support 1 10 may be cleaned 
and/or replaced periodically. After removal of the buoyant components, they may be 
discarded. 
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Referring now to FIGS. 1 and 3, the diameter of the discharge conduit 48 may be larger 
than the diameter of the return tube 66 or outlet 29. Additionally, it will be appreciated that in 
some embodiments only a fraction of the liquid 16 may flow through the separator chamber 12 
with the buoyant components 18 and the gas bubbles 42, as the majority of the liquid will pass 
directly in and out of the receiving chamber. In some embodiments, the discharge conduit 48 
and the inlet 38 may be substantially the same diameter. The diameter of the lift conduit 56 
may be determined by the desired rise in the gas bubbles 42 with the buoyant components 1 8. 

The flow into the discharge conduit 48 at the bottom of the receiving chamber 36 is 
substantially free of buoyant components 18. It is to be appreciated that the liquid 16 exiting 
through the discharge conduit 48 may still contain some buoyant components 18. It is also to 
be appreciated that certain non-buoyant contaminants may be discharged through the discharge 
conduit 48. Additional traps designed to capture such materials may be provided; however, the 
non-buoyant discharge does not form an objectionable surface "slick". Also, it is to be 
appreciated that saturated pollutants which become non-buoyant after rising to the separator 
chamber 12 may remain trapped in the first part 20 of the separator chamber 12 or even at the 
bottom of the receiving chamber or on the perforated layer until they are drained and/or 
cleaned. 

It will be appreciated that other embodiments of the invention may include secondary 
filters in the return tube 66 or in the discharge conduit 48 to assist in removing both non- 
buoyant and additional buoyant components from the liquid 16. 

The component separator 10 of the invention may be used in conjunction with 
disposable filter systems. In this embodiment, the component separator 10 may be a primary 
treatment, thereby reducing the rate that the filters need to be replaced. It is to be appreciated 
that there should be sufficient gravity for liquid to flow through the filters; otherwise a pump 
may need to be added to the system. Generally, the overall pressure drop across the device is 
intended to be low enough to operate without external pumps. 

During operation, liquid mixture 14 enters the component separator 10 into receiving 
chamber 36 through the inlet 38. The perforated layer 46 diffuses local high velocity flows 
which may, otherwise, carry buoyant components downward and allows the liquid 16 to flow 
through the perforated layer 46 into the bottom of the receiving chamber 36, substantially free 
of buoyant components 18, and the liquid 16 exits through the discharge outlet 48. The 
entrapped gas bubbles 42, the buoyant components 18, and some liquid 16 flow to the top of 
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the liquid mixture 14 and up through the lift conduit 56 and into the first part 20 of the 
separator chamber 36. The gas 42 may exit through the gas vent 58, while the buoyant 
components 18 rise to the top of the fluid mixture 14. The denser fluid 16 settles below the 
buoyant components 18 and flows underneath or through the wall 24 into the second part 22 of 
the separator chamber 12. 

In the embodiment of FIGS. 1-2, when the level of the liquid in the separator chamber 
12 rises above the return tube 66 substantially free of buoyant and sinking components, then 
the liquid 16 in the second part 22 of the separator chamber 12 exits through the return tube 66 
back into the receiving chamber 36 where the liquid 16 may move through the perforated layer 
46 and exit through the discharge outlet 48. Alternatively, the liquid may recirculate through 
the system. 

In the embodiment of FIG. 3, the liquid drains substantially free of buoyant and other 
(filtered) components through the filter medium 1 12 and porous support 1 10. The liquid then 
drains from the outlet 29 and back into the receiving chamber 36. The outlet 29 drains the 
liquid to keep the level of liquid mixture in the separator chamber from getting too high and 
possibly flowing back down the lift conduit 56. Once in the receiving chamber 36, the liquid 
may move through the perforated layer 46 and exit through the discharge outlet 48 or the liquid 
may recirculate through the system. 

Referring to the embodiment of FIGS. 1 and 2, it will be appreciated that when the 
liquid mixture 14 enters the separator chamber 12 for the first time, the gap 30 below the wall 
24 or communication passage is not sealed by liquid 16, and therefore, some buoyant 
components 18 may flow with liquid 16 into the second part 22 of the separator chamber 12. 
However, once the wall 24 is sealed by the liquid level in the separator chamber 12 the liquid 
does not need to be drained completely from the separator chamber 12 such that the wall 24 
stays sealed and substantially all of the buoyant components 18 stay in the first part 20 of the 
separator chamber 12, even when flow into the component separator 10 is stopped and started 
again. Alternatively, the communication passage may be selectively openable and closable, 
instead of continuously open so that the communication passage may be opened once the liquid 
level reaches a height to seal the communication passage. 

Referring now to FIG. 4, the component separator 10 is illustrated in combination with 
a power generator 72 and exhaust system 74. It is to be appreciated that this is for illustrative 
purposes only and numerous different configurations using the component separator 10 may be 
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employed. The power generator 72 may be any kind of device that generates power, for 
example an internal combustion engine that uses diesel or gasoline fuel. The generator 72 
produces an exhaust gas and a liquid coolant is used to cool the exhaust gas. Any suitable 
liquid may be used as the coolant. However, it is to be appreciated that if the power generator 
72 is a marine engine for powering a marine vessel, then water is in abundant supply outside 
the marine vessel and may be used as the liquid coolant. The liquid coolant is injected into the 
exhaust gas forming a fluid mixture 76. The fluid mixture 76 exits the power generator 72 and 
is directed to the water separating silencer 78. The silencer 78 may be any kind of device or 
combination of devices that separates the fluid mixture 76 substantially into its exhaust gas and 
liquid coolant components. As the exhaust gas is separated from the fluid mixture, it may be 
substantially free of non-gaseous components, such as soot and unburned fuel, that were 
contained in the gas before exiting the engine. As is known in the art, the "dried" exhaust gas 
may exit from the hull of the marine vessel through a dry gas discharge conduit 80. The liquid 
mixture 14 from the silencer, including at least liquid 16 and buoyant components 18 and some 
entrapped gas 42, is then directed to the component separator 10 of the present invention. The 
component separator 10 substantially separates the buoyant components 18 and non-buoyant 
components from the liquid 16 as described in any of the embodiments. The liquid 16 is then 
released from the hull of the marine vessel and back into the surrounding water through the 
liquid discharge conduit. The trapped buoyant components 18 may be cleaned from the 
component separator as desired. 

FIG. 5 illustrates a particular embodiment of the component separator 10 in 
combination with a diesel marine engine 84. The diesel engine 84 generates power, and liquid 
coolant is combined with the exhaust gas to form a fluid mixture to cool the exhaust gas. The 
fluid mixture, including exhaust gas and liquid coolant, is expelled through a tube 86 to a water 
lift silencer 88. Then the fluid mixture is lifted through a tube 90 to a liquid separating silencer 
92, where the exhaust gas exits through an exhaust gas discharge tube 94 and the liquid 
mixture, which may include liquid, buoyant components and entrapped gas, exits through a 
second tube 96 to the component separator 10 of the present invention. The component 
separator 10 substantially separates the liquid and the buoyant components from one another as 
described in any of the embodiments and the liquid is discharged through the liquid discharge 
conduit. 
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In another embodiment of the invention shown in FIG. 6, the component separator 10 
may include a single chamber 100 into which a liquid mixture 14 is introduced having both 
liquid 16 and buoyant components 18. The liquid mixture 14 may be introduced though an 
inlet 102, the liquid mixture may include liquid 16, buoyant components 18 and entrapped 
exhaust gas 42 as described above. The inlet may be provided at any suitable location, for 
example in the middle or lower portion of the chamber. Alternatively, the inlet may be 
provided through the bottom of the chamber by a conduit similar to the lift conduit 56 
described above. The buoyant components 18 may be allowed to separate from the liquid 16 
by floating adjacent the free surface Sf ree . A vent 104 may be provided above the free surface 
Sf re e of the liquid to allow the exhaust gas 42 to escape. An outlet 106 may be provided 
adjacent a bottom 108 of the chamber 100, such that the liquid 16 may exit substantially 
separated from the buoyant components 18 while the buoyant components accumulate adjacent 
the free surface Sf ree . The liquid 16 may flow from the chamber 100 with or without assistance. 
For example if suitable, a pump may assist the flow or a loop with a vent, as shown in the 
previous embodiments may be provided with the outlet. Optionally, a perforated layer 1 10 
may be provided to interfere with the potential high velocity flows that may occur at the inlet 
1 02 that may force buoyant components downward and interfere with their separation from the 
liquid. The buoyant components 18 may be periodically removed from the free surface S free of 
the liquid 16 or may be captured, for example by a filter, paper or other device. Otherwise, the 
buoyant particles may be allowed to saturate, sink, and be expelled from the hull to sink below 
the water surface. 

It will be appreciated that more than one inlet 38 may direct flow of liquid mixture 14 
into either the receiving chamber 36 or the separator chamber 12 and 100 of the component 
separator 10 of the invention. For example, multiple engines may share a common component 
separator 10 and their respective fluid mixtures may be combined before entering the 
component separator 10 or they may be directed separately into the component separator 10. 

Having thus described several aspects of at least one embodiment of this invention, it is 
to be appreciated various alterations, modifications, and improvements will readily occur to 
those skilled in the art. Such alterations, modifications, and improvements are intended to be 
part of this disclosure, and are intended to be within the spirit and scope of the invention. 
Accordingly, the foregoing description and drawings are by way of example only. 

What is claimed is: 
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